Introduction
Non-alcoholic fatty liver disease (NAFLD) is one of the most common liver diseases worldwide nowadays affecting 20-30 % of adults in developed countries and up to 80 % of obese people [1] . NAFLD is defined as an excessive accumulation of fat in the liver leads to chronic liver injury in which at least 5 % of hepatocytes display lipid droplets that exceed 5-10 % of liver weight in patients who do not consume significant amounts of alcohol [2, 3] . It is a heterogeneous disease that may range from a relatively mild and subtle disease (hepatic steatosis) to a much more active and progressive disease, in which significant necroinflammatory fatty infiltration of hepatocytes are involved, designated nonalcoholic steatohepatitis (NASH) [1, 4] . The first step of the pathophysiology of NASH is the lipid accumulation in the liver causing steatosis. This increases the sensitivity of the liver to injury and inflammation [5] . The second step involves cytokines which causing oxidative stress and lipid peroxidation, in time leading to steatohepatitis [6, 7] which eventually might develop cirrhosis and hepatocellular carcinoma [8] . Obesity, type 2 (non-insulin dependent) diabetes mellitus, and hyperlipidemia are coexisting conditions frequently associated with NAFLD [9, 10] . NASH progression is mediated by an inflammatory process in the liver with concomitant tissue damage and fibrosis [7] . The gene expression of proinflammatory cytokines like tumor necrosis factor-alpha (TNF-a) and TNF receptors is increased in the liver of patients with NASH compared with both normal liver and fatty liver, and the expression is higher in those patients with more severe NASH [11] .
Cytokines are classified as T helper 1 (Th1) and T helper 2 (Th2) subtypes. The main proinflammatory Th1 cytokines are TNF-a, interleukin (IL)-1, IL-6 and interferon; whereas the main Th2 anti-inflammatory cytokines are IL-4 and IL-10. In general, Th1 cytokines inhibit Th2 cytokine production and vice versa [12] . Thus, normally there is a balance between proinflammatory and anti-inflammatory cytokines [13, 14] . Therefore, the balance between pro-and antiinflammatory acting cytokines appears to play a key role in hepatic and systemic insulin action, and they are supposed to have important functions in the development of NAFLD [15] . Neutralization of TNF-a activity improves insulin resistance and fatty liver disease in animals [11] . Therefore, the aim of the present study was to investigate the levels of proinflammatory cytokine (TNF-a) along with the anti-inflammatory cytokine (IL-10) in development and progression of NAFLD from simple steatosis to NASH and fibrosis in Egyptian diabetic patients, and to correlate the relationship between cytokine levels and progression of NAFLD.
Patients and Methods

Patients
Patients were selected from inpatient and outpatient clinics of Internal Medicine Department enrolled Italian Hospital in Cairo who was referred for the assessment of abnormal liver function tests. NAFLD patients were identified on the basis of questionnaire, laboratory investigations, clinical findings and ultrasound scan imaging. All regular alcohol consumers were excluded from this study. A complete clinical history, including anthropometric measurements of the subjects was obtained. Anthropometric evaluation included measures of body weight, height, and body mass index (BMI). BMI was calculated as weight (kg) divided by height (m) squared.
Ultrasonographic abdominal examination was performed for all the enrolled patients by a single sonographer following not less than 8 h fasting using FFsonic UF-4100 (Japan). Liver echopattern was graded according to Mottin et al. [16] . Degree of NAFLD (steatosis) was determined throughout the ultrasonography scan imaging of liver echogenicity and liver biopsy when appropriate.
Disorders such as drug induced liver disease, alcoholic liver disease, viral hepatitis, Schistosomiasis, autoimmune hepatitis, primary biliary cirrhosis, sclerosing cholangitis, a 1 -antitrypsin deficiency, hemochromatosis, Wilson's disease and biliary obstruction were excluded. Other exclusion criteria were recent gastrointestinal surgery, pregnancy, suffering from malignancy or under any kind of medication.
Study protocol was approved by National Ethics Committee according to ethics guidelines of the 1975 Declaration of Helsinki, and all patients gave their written informed consent to the study.
Subjects who had visited the internal medicine department at Italian hospital (Cairo) for routine health check-up programmes without any specific problem and with no abnormality in the clinical and laboratory findings were considered 'normal controls'. Eighteen healthy individuals (12 
Laboratory Investigations
Blood sampling were performed in the morning, following a not less than 12 h fasting period. Serum triglycerides, total cholesterol (TC), and high-density lipoprotein cholesterol (HDL-C), fasting blood glucose (FBG), total proteins, albumin, total bilirubin, direct bilirubin, alanine aminotransferase (ALT), and aspartate aminotransferase (AST) were estimated using commercial kits on the synchron CX5 analyzer from Beckman Instruments Inc., California (USA). Low-density cholesterol (LDL-C) and very low density lipoprotein cholesterol (VLDL-C) were calculated using Friedewald's formulae [17] .
Interleukin-10 and TNF-a levels in serum were estimated according to Stepaniak et al. [18] throughout ELISA technique following the manufacturer's instructions.
Statistical Analyses
Results are expressed as mean ± standard deviation (SD). Correlation coefficient between quantitative data was determined using Pearson's test at 95 % confidence. The Statistical Package for Social Science (SPSS) version 11.5.0 (SPSS Ò Chicago, IL, USA) program was used.
Significance (P) less than 0.01 (two-tailed) was considered statistically significant.
Results
NAFLD diabetic patients showed significantly higher age values in NASH and fibrosis groups when compared to control groups (Table 1 ). Significant increased levels of BMI and FBG were observed in NASH and fibrosis groups when compared with simple steatosis along with control subjects (Table 1) . No significant changes were observed with severity of liver disease in any group for T. cholesterol and LDL-C among NAFLD subgroups (Table 1) .
Comparison between NAFLD subgroups showed that patients with fibrosis had higher significant levels for TG along with VLDL-C and lower levels of HDL-C than patients with simple steatosis and NASH (Table 1 ).
The levels of serum ALT and AST were significantly elevated in NAFLD subgroups compared to control group while levels of serum bilirubin were significantly elevated in fibrosis patients (Table 1) .
In this study, TNF-a significantly increased by progression of NAFLD from simple steatosis to fibrosis while IL-10 significantly decreased ( Table 2 and Fig. 1 ). TNF-a and IL-10 showed statistically higher significant differences in fibrosis and NASH groups when compared to simple steatosis and control groups.
Significant positive correlations were found between TNF-a along with BMI and ALT in NAFLD groups. A concomitant significant negative correlation between IL-10 and ALT in NASH and fibrosis groups observed while significant positive correlation between IL-10 and HDL-C recorded. There is highly significant negative correlation between TNF-a and IL-10 in both NASH and Fibrosis groups (Table 3) . 
Discussion
NAFLD is the most common growing public health problem worldwide presenting a wide spectrum of conditions ranging from fatty liver, that in general follows a benign nonprogressive clinical course, to nonalcoholic steatohepatitis (NASH), a serious form of NAFLD, that may progress to cirrhosis and end-stage liver disease with an increasing incidence in obesity, hyperlipidemia and insulin resistance (higher than normal insulin concentrations are needed to achieve normal metabolic responses) [1, 11, 19] . In this regard, fatty liver disease is a major contributor to cardiovascular and overall obesity-related morbidity and mortality [20] . In obese non-diabetic western adults, the prevalence of NAFLD ranges from 80 to 98 % [21] . Although the prevalence of NAFLD remains largely unknown in the Egyptian population, there is great concern about the impact of this fast-growing disease in this part of the world. Also, several efforts had been made to identify non-invasive markers of fibrosis in adults with NAFLD since most studies have focused on the use of clinical features and routine laboratory serum markers of liver fibrosis. Therefore, the objective of this study was to describe cytokine levels in patients with NAFLD to assess the possible involvement of candidate cytokines in disease progression and try to get simple non invasive parameters for NAFLD severity, thus sparing repeated liver biopsies especially in patients who are unfit for this procedure. In our study, results of patients with fatty liver, NASH and cirrhosis showed that the progression of NAFLD increase with increasing the age, and older ages at higher risk than younger patients to develop fibrosis, these result confirm the finding of Collier [22] who reported that older ages often are predictive of more severe grading of fibrosis. Also, serum levels of T. bilirubin, ALT and AST were significantly highly increased in fibrosis patients compared to control group. These results indicate that ALT and AST liver function markers were increased according to the severity of the liver disease. This finding suggests that higher degree of steatosis results in an increase in inflammatory response, and subsequently elevated ALT levels which also being considered as a predictor of the progression of steatosis to steatohepatitis and fibrosis [23] .
Nonalcoholic fatty liver disease is strongly associated with the metabolic syndrome, a cluster of related disorders that includes central obesity, insulin resistance and dyslipidemia [10, 24] . Angulo [9] and Riley et al. [25] reported that BMI was a positive risk factor for liver disease. The comparative study of the three groups showed that the severity of obesity is correlated with the progression of the NAFLD (Table 1) . These data were consistent with Angulo [9] who reported that the prevalence of nonalcoholic fatty liver disease increases by a factor of 4.6 in obese people with a BMI of at least 30, and also with result of Riley et al. [25] who stated that BMI over 30 for more than 15 years increases the risk of advanced fibrosis in all chronic liver diseases with increased risk of alcohol ingestion.
In patients with NAFLD, hepatic glucose uptake was found to be less effectively stimulated by insulin, contributing to elevated plasma glucose concentrations [26] . In our study, all patients are previously diagnosed with diabetes mellitus type 2. The comparative study of the three groups showed that as FBG increase the progression of the NAFLD increase, which confirm that IR is very important risk factor in the development and progression of NAFLD. Similar results were reported by Angulo [9] who reported that the presence of type 2 diabetes mellitus significantly increases the risk and severity of nonalcoholic fatty liver disease. These observations due to insulin resistance affect hepatic fat accumulation by increasing fatty acids and triglycerides synthesis in the liver. In studying the lipid profile in NAFLD patients, T. cholesterol and LDL-C hadn't statistically significant differences in simple steatosis,NASH and fibrosis groups when compared with each other as well as with control group. These results confirm the finding of Uchil et.al [27] and Simonen et al. [28] who reported that there were no significant difference in-between T. cholesterol and LDL-C values of NAFLD patients and control subjects but hypertriglyceridemia rather than hypercholesterolemia can be considered to be a significant risk factor towards progression of NAFLD [27] . Nobili et.al [29] reported that hypertriglyceridemia may be considered an independent predictor of liver fibrosis in a study with obese children. The comparative study of NAFLD patients in the three groups showed that as TG increased, the progression of the NAFLD increased. These findings are in accordance with results of Uchil et.al. [27] and Mouralidarane et al. [30] . Also, HDL-C levels were significantly different in the three groups since fibrosis group showed the lowest values. These results are in agreement with Simonen et al. [28] who found a similar strong association between lipid metabolism abnormalities such as increase of serum triglyceride and decrease of HDL towards the development and progression of NASH.
In our correlation studies, there is significant positive correlation between TNF-a and BMI in NAFLD groups. This correlation indicates that adipose tissue is an important initiator for TNF-a and obesity is very important risk factor for NAFLD progression where TNF-a plays a central role in the state of insulin resistance associated with obesity [31] which considered being very important factor in the pathogeneses and progression of NAFLD. Also, there is significant positive correlation of TNF-a with ALT in NASH and fibrosis groups since the production of TNF-a is one of the earliest events of liver injury, triggering the production of other cytokines that together recruit inflammatory cells, kill hepatocytes [32] . TNF-a induced mitochondrial swelling followed by a bursting of the mitochondrial membrane which leading to a reduced content of respiratory proteins causing hepatic steatosis and liver injury [33] . These effects of TNF-a on the hepatocytes can explain the correlation between serum concentration of TNF-a and the elevation in the levels of ALT and AST during cellular injury. On the other side, our data showed that there is a significant positive correlation between IL-10 and HDL-C in steatosis, NASH and fibrosis groups with a concomitant significant negative correlation between IL-10 and ALT in NASH and fibrosis groups was found which being in agreement with Zhang and Wang [34] study which showed that liver injury induced by lipopolysaccharide complex in mice treated with IL-10 could markedly reduce serum transaminase activities.
The balance between pro-and anti-inflammatory cytokines is very important for the function of the immune system. Overproduction of the pro-inflammatory cytokine TNF-a was connected with a defect in the production of anti-inflammatory cytokine IL-10 [35] . In our study, TNF-a is significantly increased by progression of the NAFLD from simple steatosis to fibrosis but on the other side IL-10 significantly decreased by progression of NAFLD. Thus, it evident that the increase in serum TNF-a and the decrease in serum IL-10 becomes more prominent as the case becomes complicated during progression of the NAFLD. In addition, TNF-a accelerates the hepatic synthesis of other cytokines, enhances neutrophils chemotaxis and leads to a severe inflammatory response, which results in hepatosteatosis and necrosis in the liver [11] . These results are confirmed with Uysal et al. [36] who suggest that liver iron and fat accumulation, oxidant stress, and inflammatory cytokines are closely related in which levels of serum ferritin, malonaldehyde, IL-6, TNF-a and IL-8 could represent the indices of activity and progression of NASH. Also, in our study a highly significant negative correlation between TNF-a and IL-10 in both NASH and fibrosis groups was found and the correlation increases by progression of liver disease where IL-10 secretion inhibited and increases in serum TNF-a concentrations were found. Treatment with IL-10 could significantly reduce TNF-a mRNA expression in the liver after administration of the toxins to sensitized mice [37] [38] [39] . These findings suggest that IL-10 is capable of regulating hepatic injury in vivo mediated by T cells and macrophages [34] thus it hypothesized that high IL-10 levels limiting the effects of the inflammatory response that is, by counter regulating the effects of pro-inflammatory cytokine so that the protective function of IL-10 in steatotic liver relies on suppression of TNF-a production [40] .
Conclusion
TNF-a being an important determinant for the pathogenesis of NAFLD. Increased BMI, insulin resistance and hypertriglyceridaemia values considered risk factors involved in the development and progression of NAFLD just prior cirrhosis. TNF-a and IL-10 could be used in the follow up of simple steatosis versus NASH and fibrosis for sparing unnecessary liver biopsies in a greater proportion of patients within individualized risk management programs.
